Compressive strength of rubberized-ultra high performance concrete with different elevated temperature by Haikal Ikmal, Rahimee
  
 
COMPRESSIVE STRENGTH OF 
RUBBERIZED-ULTRA HIGH PERFORMANCE 
CONCRETE WITH DIFFERENT ELEVATED 
TEMPERATURE 
 
 
 
 
 
HAIKAL IKMAL BIN RAHIMEE 
 
 
 
 
 
 
B. ENG (HONS.) CIVIL ENGINEERING 
 
UNIVERSITI MALAYSIA PAHANG 
 
 SUPERVISOR’S DECLARATION 
I/We* hereby declare that I/We* have checked this thesis/project* and in my/our* 
opinion, this thesis/project* is adequate in terms of scope and quality for the award of 
the Bachelor Degree of Civil Engineering 
 
 
 
_______________________________ 
 (Supervisor’s Signature) 
Full Name  : MOHD FAIZAL BIN MD. JAAFAR 
Position  : LECTURER 
Date   : 25TH JUNE 2018 
 
 
 
 
 STUDENT’S DECLARATION 
I hereby declare that the work in this thesis is based on my original work except for 
quotations and citations which have been duly acknowledged. I also declare that it has 
not been previously or concurrently submitted for any other degree at Universiti 
Malaysia Pahang or any other institutions.  
 
 
_______________________________ 
 (Student’s Signature) 
Full Name : HAIKAL IKMAL BIN RAHIMEE  
ID Number : AA14141 
Date  : 25TH JUNE 2018 
 
  
 
COMPRESSIVE STRENGTH OF RUBBERIZED ULTRA HIGH PERFORMANCE 
CONCRETE WITH ELEVATED TEMPERATURE 
 
 
 
 
 
HAIKAL IKMAL BIN RAHIMEE 
 
 
Thesis submitted in fulfillment of the requirements 
for the award of the  
Bachelor Degree in Civil Engineering 
 
 
 
 
Faculty of Civil Engineering and Earth Resources 
UNIVERSITI MALAYSIA PAHANG 
 
 
JUNE 2018 
 
ii 
ACKNOWLEDGEMENTS 
In the name of Allah, the Most Gracious and the Most Merciful 
Alhamdulillah, all praises to Allah for the strengths and His blessing in completing this 
thesis within the time given. I would like to thank my beloved supervisor En Mohd Faizal 
Bin Md Jaafar, for his advice and guidance throughout the course of the study. His 
invaluable help of constructive comments, knowledgeable, input, information and 
suggestions throughout the experimental and thesis works have contributed to the success 
of this research properly. 
My special appreciation is also extended to all staffs at Concrete Laboratory and 
Environmental Laboratory, Faculty Civil Engineering & Earth Resources, University 
Malaysia Pahang (UMP) that willing to volunteer responders collaborated taking the time 
to guide me during do the experiment for my study and help in data collection. 
Most importantly, I would to thank my deepest gratitude goes to my beloved parents Mr. 
Rahimee Bin Ishak and Mrs. Noralina Binti Nawi and my group members, Hafiz, Hariz 
and Syafiq for work together to accomplish this study and good commitment as a 
teamwork. Besides that, not forgetting to my friends for their help, your kindness means 
a lot to me. Thank you very much.  
 
 
 
iii 
ABSTRAK 
Kemajuan teknologi menjadikan bahan konkrit membawa kepada pembangunan jenis 
komposit bersaiz baru yang dikenali sebagai Ultra High Performance Concrete (UHPC). 
UHPC adalah sejenis konkrit yang dikenali dengan kekuatan yang sangat tinggi dan 
ketahanannya. Bahan buangan dikenali sebagai bahan yang boleh menyebabkan masalah 
kepada alam sekitar. Bahan buangan boleh dikurangkan dengan memprosesnya dalam 
bahan binaan seperti UHPC. Bahan sisa yang digunakan dalam kajian ini adalah sisa tisu 
sampah (WCT). Objektif dalam kajian ini untuk menentukan kekuatan mampatan UHPC 
getah pada suhu tinggi yang berbeza seperti 100˚C, 150˚C dan 200˚C dan menentukan 
penurunan berat getah UHPC tertakluk kepada keadaan pra pemanasan. Tayar sampah 
buangan diubahsuai pada rawatan permukaan dengan menggunakan NaOH dengan 
tempoh 20, 40 dan 60 minit. Tayar serbuk sisa digunakan sebagai pengganti agregat kasar 
dalam 5% daripada jumlah berat keseluruhan agregat kasar dan akan dicampur bersama 
untuk membuat getah UHPC dengan peratusan 5% tetap WCT. Berdasarkan hasilnya, 
dapat disimpulkan bahawa UHPC getah dengan rawatan permukaan 60 minit atau getah 
UHPC-60 adalah yang terbaik dengan kekuatan dan penurunan berat dibandingkan 
dengan rawatan permukaan UHPC getah lain. 
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ABSTRACT 
Advance in technology makes the concrete material led to the development of new type 
of cementitious composites which known as Ultra High Performance Concrete (UHPC). 
UHPC is a type of concrete known by its exceptionally high strength and durability. The 
waste materials were determined as material that can cause problem to the environment. 
The waste materials can be reduced by processing them in construction materials such as 
UHPC. The waste material used in this study was waste crumb tyre (WCT). The objective 
in this study to determine the compressive strength of rubberized UHPC at different 
elevated temperatures such as 100˚C, 150˚C and 200˚C and determine the weight loss of 
rubberized UHPC subjected to pre-heating condition. The waste crumb tyre were 
modified on surface treatment by using NaOH with duration of 20, 40 and 60 minutes. 
The waste crumb tyre were used as replacement for coarse aggregate in 5% of percentage 
from total weight of coarse aggregate and will be mixed together to make rubberized 
UHPC with fixed 5% percentage of WCT. Based on the result, it can be concluded that 
the rubberized UHPC with surface treatment 60 minutes or rubberized UHPC-60 is the 
best with strength and weight loss compared to other rubberized UHPC surface treatment. 
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CHAPTER 1 
 
 
INTRODUCTION 
1.1 Background of Study 
Advance in the technology make the concrete materials led to the development of new 
type of cementitious composites which known as Ultra-High Performance Concrete 
(UHPC). UHPC is a type of concrete known by its exceptionally high strength and 
durability. It was developed in Europe in the 1980s for specialized applications that need 
superior strength and corrosion resistance. In 2000, UHPC has become commercially 
available in the United States that lead to the series of research project to demonstrate the 
capabilities of the material as stated by (Graybeal, 2011). The properties of high strength 
and durability UHPC make it an optimal model for use in developing new solutions for 
highway infrastructure deterioration, repair and replacement. Besides that, UHPC also 
used as marine anchors, piers and seismic structure. UHPC also has less water-cement 
ratio which is 0.25 than mechanical properties of UHPC include compressive strength 
greater than 150 MPa and the sustained post-cracking tensile strength greater than 5 MPa 
as mentioned by (Graybeal, 2011). UHPC also has been used in a variety of the 
applications such as precast concrete piles, seismic retrofit of substandard bridge 
substructures and security and blast mitigation applications. The elements or materials 
contain for making UHPC such as Ordinary Portland Cement (OPC), sand, ground quartz, 
silica fume and water. However, the ground quartz as the ingredient for make this UHPC 
is expensive affected to the cost production compare with other materials. The new 
solution has been determined to replace the ground quartz that act as the aggregate with 
use of recycled waste tire or waste crumb tire to reduce the cost production. This material 
will replace the ground quartz as the aggregate and places for make UHPC.  
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In recent decades, the worldwide growth on automobile industry and increasing the use 
of cars as the main transport have been accelerates boosted on the production of tire. This 
has produced huge stockpiles of used tires. Besides that, more than 270 million scrap-
tires are produced in United States each year (Rubber Manufacturers’ Association, 2000). 
On the other hand, the rubber tires also used in making fuel for cement kiln, and feedstock 
for making carbon black. The involvement of high capital investment in it by using tires 
as a fuel is not economically attractive. The stockpiles are dangerous not only effect the 
potential environment threat but also from fire hazards and contribute breeding grounds 
for rats, mosquitoes and bedbugs. In addition, over 300 million tires reach their service 
life every year in European Union alone and become waste. (Sofi, 2017) stated that the 
waste tires disposal contributes to the decreasing of biodiversity because tires contain 
toxic and soluble components. The waste tires disposal also can cause the temperature to 
be high when the tires started to burn down and generates toxic fumes (Sofi, 2017). 
1.2 Problem Statement 
In making Ultra-High Performance Concrete (UHPC), the materials used contain such as 
ground quartz, Ordinary Portland Cement (OPC), sand, silica fume and water. However, 
the ground quartz is expensive material compared with others material thus it would 
increase the cost of production making UHPC. Next, in order to decrease or reduce the 
cost production for making UHPC, an alternative waste material can be used to replace 
the ground quartz which is replace it with recycle waste tire. Recently, the quantity of 
recycle waste tire become increases because of the production of vehicles from day to 
day increases. Besides that, the use of recycled waste tire provides low cost in production 
of UHPC. The recycled waste tire safe the environment impact. In this research study is 
crumb rubber from waste of by-products namely as waste crumb tire (WCT). As a 
comparison with previous research, UHPC was introduced and the success in the 
formation of superplasticizers has make the development for the new concrete family of 
UHPC, which has reach the compressive strength that was earlier possible only with steel 
as mentioned by (Randl, et al., 2014). 
However, the waste crumb rubber has some problems when used as aggregate 
replacement. Several researchers found that, the size, proportions and surface texture of 
rubber particles able affect compressive strength of mixtures (Thomas & Gupta, 2015). 
Furthermore, the concrete mixtures that been added with crumb rubber aggregates lower 
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compressive and splitting tensile strength than regular Ordinary Portland cement concrete 
(Thomas & Gupta, 2015). The crumb rubber has ability to absorb a large amount of 
energy under compressive and tensile loads. Thus, the previous research has determined 
when crumb rubber has rough surface or given a pre-treatment, the crumb rubber 
becomes better and improved bonding will develop with the surrounding that make the 
compressive strength to be higher.  
1.3 Objective of Study 
i. To determine the compressive strength of rubberized UHPC at different elevated 
temperatures. 
ii. To determine the weight loss of rubberized UHPC subjected to pre-heating 
condition 
 
1.4 Scope of Study 
Stage 1: Preparation on The Surface Treatment of WCT 
The concrete mixed with waste crumb tyre has good toughness and strength rather than 
traditional concrete. Besides that, it has better heat and sound insulation properties. 
Despite, the waste crumb tire has poor interface compatibility with inorganic materials. 
Moreover, the surface for WCT was hydrophobic and cement paste was hydrophilic 
material thus the bonding between WCT and cement paste was poor. Several researches 
have been done to enhance the performance through the surface treatment of WCT as 
mentioned by (He, et al., 2016). Before use the WCT with the concrete mixed, it will be 
washed by using acetone. Then, the waste crumb tire (WCT) will be immersed into 
sodium hydroxide solution, NaOH solution at different duration. The WCT will 
immersed into the solution about 0, 20, 40 and 60 minutes to strengthen the compressive 
strength for WCT. The main role of NaOH is to discard the tyre rubber soaked 
formulation additives and saturated in NaOH solution for 24 hours will not change the 
hydrophobic nature of rubber mentioned by (He, et al., 2016). After the WCT has been 
dissolved into NaOH solution, it will be washed again with the distilled water. As stated 
by (Eldin & Senouchi, 1993) soaked and washed crumb rubber with water used to remove 
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